Pathogenesis of Aino virus (AIV), a suspected causative agent of congenital abnormalities of calves, has not yet been established by experimental infection of dams. To investigate the pathogenesis, lo3 median tissue culture infective doses per 0.2 ml of AIV strain JaNAr 28 was inoculated into the yolk sac of 8-day-old chick embryos. At 4, 7, 10, and 13 days post-inoculation (PI) 20 eggs were opened and macro-and microscopic studies combined with virus recovery and immunohistochemical detection of the virus antigen were performed. At 7 to 1 3 days PI chick embryos manifested marked hydranencephaly, cerebellar hypoplasia, arthrogryposis, and scoliosis, with the highest incidences of 86.7%, 73.3%, 80.0°/o, and 20.0%, respectively. At 4 days PI the viral antigen was found in nerve cells, gitter cells in mild necrotic foci of the central nervous system (CNS), degenerative myotubules, and macrophages in the interstitium, which was associated with the early phase of AIV-induced encephalitis and polymyositis, with occasional accompanying hemorrhage and clumping of myotubular fragments. From 7 to 10 days PI, AIV antigen increased markedly in the liquefactive necrosis and in both degenerative and normal-looking myotubules in conjunction with developing hydranencephaly and arthrogryposis. The encephalitis and myositis had a tendency to mitigate by 10 days PI, coincident with a slight decrease in amount of AIV antigen. At 13 days PI there was almost no detectable AIV antigen in CNS and skeletal muscles, probably due to depletion of cells having affinity to AIV.
Simbu group in the family Bunyaviridae of arthropodborne viruses, was isolated first from Culex tritaeniorhynchus mosquitoes trapped at Aino town in Nagasah Prefecture, Japan.34 Samford virus (strain B7974) isolated from Culicoides brevitarsis midges in Australia5 was confirmed to have the same antigenicity as strain JaNAr 28.26 A high positive titer of antibody against AIV was demonstrated in the sera of and many cases of congenital abnormalities suggesting natural infection of AIV have been reported in Japan6.7,12*17 and Australia.2 Because of these facts, AIV was suspected as the causative agent of congenital abnormalities of calves showing hydranencephaly, arthrogryposis, and cerebellar hypoplasia, with the last lesion being distinctive of Akabane disease ( A D ) . 10,13,18,2~23,28,29,31, 32 However, an experimental infection of AIV in pregnant ewes at 90 days of gestation failed to produce infection and pathogenicity in fetuses. 30 Experimental infection of embryonating eggs with Akabane virus11,19)24,25 produced lesions in the chick embryos very similar to hyranencephaly and arthro-gryposis observed in spontaneous cases of AKD in calves.13J8,20,29 McPhee et al. 24 assessed teratogenicity of 12 members of the virus family Bunyaviridae, including AIV strain B7974, by inoculating the viruses into the yolk sac of 4-day-old chick embryos. In their experiment, AIV produced deformities at a low rate in chick embryos euthanatized 14 days after inoculation. However, McPhee et al. did not refer to detailed pathomorphologic changes and pathogenicity by utilizing immunohistochemical techniques to study the deformities produced by AIV.
To discover the optimal experimental condition to reproduce lesions cause by AIV, we experimentally infected chick embryos at 4,6, and 8 days ofincubation with lo2, lo3, lo4, or lo5 median tissue culture infective doses (TCID,,)/0.2 ml ofAIV and, with the highest incidence (85%) obtained when 8-day-old chick embryos were infected with lo3 TCID50/0.2 ml of AIV, succeeded in producing lesions very similar to hydranencephaly, cerebellar hypoplasia, and arthrogryposis found in calves suggestive of AIV-associated congenital abnormalities (Y. Kitano et al., submitted) . In this paper we describe serial pathologic changes of infected chick embryos in combination with immunohistochemical detection of AIV antigen and virus recovery.
Materials and Methods

Virus and titration
Aino virus (AIV; strain JaNAr 28) used in this study had been passaged 12 times in suckling mice followed by passage seven times in the hamster lung cell line HmLu-1. Virus was then stored at -80 C, preserving a high titer, in the Kagoshima Chuou Livestock Hygiene Service Center until experimentation.
After thawing, the stock viral material was titrated according to the method described e l~e w h e r e .~~
The titer of the inoculum was determined according to Behrens and Karber's method and was expressed in terms of median tissue culture infective doses (TCID5,)/0.2 ml.
Embryonated eggs and inoculation
For the inoculation experiment, 100 8-day-old embryonated eggs of a broiler breed were obtained from the hatchery of Kumiai Chicken Foods Cooperational Co. Ltd. in Kagoshima, Japan. Eighty eggs were used for inoculation and 20 for controls. The 80 eggs were inoculated with lo3 TCID,,/ 0.2 ml of AIV through the yolk sac route, according to the optimal experimental condition previously determined (Y. Kitano et al., submitted) to reproduce lesions similar to those in calves suggestive of natural infection with AIV, that is, hydranencephaly, arthrogryposis, and cerebellar hypoplasia. The 20 control chick embryos were not treated, according to the result of preliminary examination showing that there was no difference between no treatment, using 20 8-day-old embryonated eggs, and inoculation into yolk sac with physiological salt solution, using 20 8-day-old embryonated eggs, or a maintenance medium (MM; Eagle minimum essential medium containing bovine albumin 0.1% and tryptose phosphate broth 1 O%), using ten 8-day-old embryonated eggs.
Pathologic examination
For pathologic examination, 20 eggs inoculated with AIV and 5 control eggs were opened at 4, 7, 10, and 13 days postinoculation (PI). Body weight of the embryos was measured except for dead decomposing embryos. The limbs and central nervous system of the embryos were thoroughly examined. Five embryos were retained for viral recovery, and the remaining embryos were fixed in 10% neutral buffered formalin. After fixation each embryo was cut transversely or sometimes longitudinally into 12 tissue blocks: three from the head; one from each wing, each thigh, and each shank; and one each from the neck, breast, and abdomen. After decalcification in 5% formic acid followed by neutralization with 5% sodium sulfate solution, the tissue samples were embedded in paraffin, cut into 3-pm sections, and stained with hematoxylin and eosin (HE) for microscopy. For detection of AIV antigen in the tissues, selected sections were stained with a streptoavidin-biotin (SAB) immunoperoxidase complex method (Histofine SAB-PO@ kit, Nichirei Corporation, Tokyo, Japan). After removal of paraffin, the slides were rehydrated. To block endogenous peroxidase activity the slides were incubated for 10 to 15 minutes with 3% hydrogen peroxide solution. After rinsing with 0.01 M phosphate-buffered saline (PBS; 7 . 7 5 g NaCl,, 1.50 g K,HP04, 0.20 g KH2P04 in 1,000 ml; pH 7.6), the slides were mounted with 10% normal goat serum. After 10 minutes the serum was discarded. Without rinsing, the slides were mounted with anti-AIV (strain JaNAr 28) rabbit serum, kindly supplied by Dr. Miura of the National Institute of Animal Health, diluted at 1 :4,096 with PBS, and subsequently incubated at 37 C for 1 hour. After rinsing the slides were incubated with biotinylated goat anti-rabbit IgG for 10 minutes, followed by rinsing and incubation with peroxidase-labeled streptoavidin for 5 minutes. The slides were rinsed with PBS and a peroxidation reaction was performed for 1 to 5 minutes after successively adding 50 p1 of 0.05% 3,3'-diaminobenzidine 4 HCl (Sigma), 50 p1 of tris aminomethane hydrochloride-buffered solution, and 50 pl of 0.6% hydrogen peroxide into 1 ml of distilled water. Sections were counterstained with Mayer hematoxylin (Nichirei) for 3 minutes or 1 Yo methyl green (Chroma) for 15 minutes, dehydrated in graded alcohols, cleared in xylene, and mounted under a coverslip with entellan neu (Merck) mounting medium. All reagent incubations were carried out at room temperature, unless otherwise specified. For a negative control, the sections from identical tissues of the untreated control embryos of corresponding stages were stained using anti-AIV rabbit serum as primary serum in the staining procedure described above. All specimens were evaluated microscopically for the presence and location of the brown diaminobenzidine stain that is indicative of antibody binding, as compared with the control sections.
Virus recovery
Hamster lung cells (HmLu-1) cultured in tubes were used for recovery of the virus from AIV-infected chick embryos. Tissue suspensions were prepared by homogenizing the pooled cerebrum, cerebellum, skeletal muscle, heart, kidney, spleen, or egg yolk collected from five embryos each at 4, 7, 10, or 13 days PI. The tissue suspensions were diluted 10 times with MM. The tubes cultured with HmLu-1 cells were inoculated with 0.1 ml of the tissue suspension, 0.5 ml of MM was added, and tubes were incubated in a roller drum at 37 C for 7 days. Part of the primary culture was subcultured twice successively in freshly prepared HmLu-1 cell culture. Viral isolation was determined by appearance of cytopathic effect.
Results
Development of the embryos
Decreased body weight gain of the Aino virus (A1V)inoculated chick embryos is shown in Fig. 1 . At 4 and 7 days post-inoculation (PI) there was no statistically significant difference between the experimental and control groups. At 10 and 13 days PI the weights of the virus-inoculated embryos were 18.59 k 9.08 g ( n = 16) and 35.89 k 12.87 g ( n = 15), respectively, whereas those of the respective control embryos (n = xu (8: 5 ) were 31.8 k 1.21 g and 68.49 k 6.54 g. There was a significant difference (P < 0.01) between the experimental and control groups in these stages, reflecting underdevelopment of the AIV-inoculated chick embryos.
Macroscopic changes
At 4 days PI all the embryos were alive, with two embryos manifesting ankylosis of legs. No anomaly of the brain was observed.
At 7 days PI one embryo was dead and three showed underdevelopment. Among the 19 living embryos, 14 had hydranencephaly (73.6%) and 9 showed cerebellar agenesis (47.4%) ( Table 1 ). Various degrees of cerebral defects were seen frequently in the caudal portion of the cerebral hemispheres. When the cranial skin was removed, accumulation of cerebrospinal fluid in the brain was easily detectable through the semitransparent cranial bone. Sixteen embryos manifested arthrogryposis (84.2%) with the legs bent at various angles and one had scoliosis (5.3%).
Four of 20 embryos examined at 10 days PI were dead and decomposed, 12 were underdeveloped, and four appeared normal. Of the 16 living embryos, 12 showed hydranencephaly, cerebellar hypoplasia or agenesis, and arthrogryposis (75%), and three had scoliosis (18.8%) ( Fig. 2 , Table 1 ).
Of 20 embryonated eggs sacrificed at 13 days PI, five embryos were dead and 15 were underdeveloped. Of the latter 15, 13 showed hydranencephaly (86.7%), 11 had cerebellar hypoplasia (73.3%), 12 had arthrogryposis (80.0%), and three had scoliosis (20.0%) ( Table  1) .
Histopathologic and immunohistochemical findings
At 4 days PI, characteristic changes in the central nervous system (CNS) were initial necrotizing encephalitis and early meningitis. A few mild necrotic foci were found in the cortex of the caudal portion of the telencephalon in two of 15 embryos examined. Evident foci of liquefactive necrosis ( Fig. 3 ) accompanied by gitter cells were seen scattered in the cerebral peduncle in one embryo, in the medulla oblongata in one embryo, and in the cerebellar hemisphere in three embryos of 15 examined, in association with mild perivascular and parenchymal infiltration of eosinophilic each were sacrificed at 4, 7, 10, and 13 days after inoculation and live embryos were examined. granulocytes and occasional edematous gaps of parenchyma. At 7 days PI, the greatest distribution of marked liquefactive necrosis was observed in the neostriatum and basilar region of the brain; in particular, the pedunculus cerebri and medulla oblongata were severely infiltrated with granulocytes and gitter cells. Infiltration of these cells was gradually alleviated at 10 to 13 days PI. Another component of necrotic lesions was cystic cavitation scattered singly, clustered, or symmetrically, and occasionally containing hemorrhage. The inner surface of cystic cavitation was lined with primordial monolayer cells. At 4 days PI, this type of lesion was observed only in the cerebral peduncle and cerebellum each of only one embryo. At 7 days PI, cystic cavitation was formed in the cerebral hemisphere in 9 embryos, in the optic lobe in 1 embryo, in the cerebral peduncles in 3 embryos, in the cerebellum in 3 embryos, and in the spinal cord in 2 embryos of 14 embryos examined. At 10 and 13 days PI, cavitation was found in the cerebral hemisphere (1 0/2 l), in the cerebral peduncle (13/21), in the cerebellum (7/21), and in the spinal cord (6/21) in the majority (20/21) of 21 embryos examined. Coalescent large cavitation was seen at 13 days PI.
Adventitial cells of blood vessels in the necrotic tissues of the CNS showed a proliferative change. The change was slight at 4 days PI but severe at 7 days PI, with numerous oval cells surrounding vessels, which developed into granulomatous lesions in the cerebral hemisphere at 10 days PI. At 13 days PI, the granulomatous lesions (Fig. 4) were most conspicuously seen in the cerebral peduncle, most prominently in the periaqueductal area, followed by the medulla oblongata, cerebellar hemisphere, and spinal cord. The optic lobes had no lesions other than the granulomatous ones formed in the subependymal zone of eight embryos, in two of which they were accompanied with severe hemorrhage. Marked hemorrhage was found in the cerebral peduncle of two embryos. Mild thickening of blood vessels was frequently observed in the parenchyma that escaped necrotic changes.
Infiltration of eosinophilic granulocytes was intensive in the subpial area and adjacent parenchyma at 4 days PI. Meningitis was most severe at 7 days PI and was alleviated slightly at 10 and 13 days PI, accompanied with dilation of subarachnoid cavity. Cellular infiltration in the choroid plexus with epithelial hyperplasia ( Fig. 5 ) was seen at 7 days PI.
Slight dilatation of only the fourth ventricles was noticed in two embryos at 4 days PI. After 7 days PI, dilatation of lateral and optic ventricles and the aqueductus cerebri became conspicuous in most embryos examined, coincident with thinning of the cerebral and cerebellar hemisphere and cerebral peduncles. Dilatation of the ventricles was due to accumulation of cerebrospinal fluid and loss of parenchyma by liquefactive necrosis, resulting in hydranencephaly.
In general, cerebellar lesions were similar to the cerebral ones. Aberrant changes in the cerebellar cortical structure were slight at 4 days PI, but became more severe after 7 days PI. Disorganization of differentiating cortical neurons due to necrosis seemed to cause aberration ( Fig. 6 ) of the cortical structure. These dysplastic lesions, together with dilatation of the fourth ventricle (Fig, 7) , led to cerebellar hypoplasia. Gliosis was evident in the cerebral hemisphere at 4 to 10 days PI but vanished at 13 days PI.
Neurons in the ventral horns of the spinal cord showed ischemiclike shrinkage in six embryos and decreased in number in three embryos at 4 days PI. Disappearance of nerve cells associated with necrotic change was remarkable at 7 to 13 days PI. The spinal cord at 13 days PI manifested compression atrophy due to accumulation of cerebrospinal fluid in the subdural cavity.
A small quantity of AIV antigen was recognized in the CNS of eight embryos at 4 days PI. The antigen was slightly detectable in the cytoplasm, nucleus, and perikarya of nerve cells, and the antigen-bearing cells were more numerous in the cerebral peduncle than in any other parts of the CNS. Gitter cells in the necrotic tissue often contained a large quantity of AIV antigen in the cerebellar cortex ( Fig. 8) . In the optic lobes in one embryo, the virus antigen was distributed in close association with a hemorrhagic area. Some nerve cells in the spinal ventral horn contained AIV antigen. At 7 days PI, the amount of detectable antigen in the CNS, particularly in the neostriatum, cerebral peduncle, cerebellar hemisphere, and spinal cord, reached a peak concomitantly with the most severe liquefactive necrosis in most of the embryos examined, which gradually declined at 10 and 13 days PI. The AIV antigen was also recognized in perivascular proliferating cells at 7 days PI.
At 4 days PI, normal skeletal muscular cells were infrequently multinucleared because they were in the myotubular phase. The myotubule in the affected embryos was swollen with hyaline degeneration. The tubular structure was often deranged, forming clumps ( Fig. 9 ) of irregular-shaped cells with a mass of nuclei of varied shapes. The clumps interrupted normally developing myotubules. A heavy infiltration of eosinophilic granulocytes and macrophages which remained throughout the experimental period, was seen in the edematous interstitium of myofibers and muscular bundles in and around the clumping foci.
Dysplastic slender myofibers in the skeletal muscle were accompanied by polymyositis and degeneration of the muscle starting from 7 days PI. Muscle fibers of the affected embryos showed adipose replacement ( Fig.  10 ) and atrophy at 7 to 13 days PI. At 7 days PI, adipose replacement was recognized in muscle fibers in perivascular edematous musculature in 4 embryos. At 10 and 13 days PI, adipose replacement was extensively spread in the affected muscle intermixed with portions of hyaline degeneration, unusually slender myofibers, and occasional small myosegments. These degenerative and dysplastic changes, causing atrophic muscle, contributed to formation of arthrogryposis.
A moderate quantity of AIV antigen was detected in both degenerative and normal-appearing myotubules as well as macrophages in the skeletal muscle at 4 days PI. At 7 days PI, the greatest amount of AIV antigen was frequently seen in myotubules and both degenerating and normal-appearing muscle fibers (Fig.  1 1) . As in the CNS, the viral antigen in skeletal muscle gradually decreased with time at 10 and 13 days PI.
The AIV antigen was identified also in the ganglion cell layer of the retina, cerebrospinal ganglia, cells of the reticuloendothelial system of the liver, and the spleen at 7 days PI. Tubular epithelial cells in the kid- Fig. 9 . Clumping of myotubes and infiltration of eosinophilic granulocytes, the latter extending among normal-appearing myotubules in 12-day-old chick embryo at 4 days after AIV inoculation. HE. Bar = 50 pm. Fig. 10 . Complete adipose replacement with slight infiltration of eosinophilic granulocytes in skeletal muscle of the leg in 2 1-day-old chick embryo at 13 days after AIV inoculation. HE. Bar = 50 pm. Fig. 11 . Aino virus antigen detected in myotubules and both intact and degenerating muscle fibers of skeletal muscles in leg in 15-day-old chick embryo at 7 days after AIV inoculation. Streptoavidin-biotin immunoperoxidase complex method with methyl green counterstain. Bar = 25 pm. ney were found to contain the antigen at 7 and 10 days PI. Changes in microscopic lesions observed in embryos from 4 days to 13 days PI are shown in Table 2 .
Recovery of AIV
Aino virus was isolated from the primary suspension of pooled cerebrum, cerebellum, skeletal muscle, and heart at all four stages PI and from spleen and kidney at 4 to 10 days PI. The virus was successfully recovered from the secondary subculture of the yolk and liver at 4 days PI, the liver at 7 days PI, and the kidney at 13 days PI. Aino virus was not isolated from the spleen at 13 days PI, from the liver at 10 and 13 days PI, and from the yolk at 7 to 13 days PI (Table 3 ).
Discussion
Many spontaneous cases of congenital abnormality in calves with hydranencephaly, arthrogryposis, and cerebellar hypoplasia have been reported with Aino virus (AIV) suspected as the causative agent.2.6.7J2J7 due to difficulty in separating these structures at this age.
Parsonson et al.30 attempted to reproduce AIV-associated congenital abnormalities in lambs by infecting pregnant ewes but did not
In our previous experiment (Y. Kitano et al., submitted) chick embryos inoculated with AIV at the optimal conditions could reproduce the lesions very similar to those in calves suggestive of AIV-associated a b n o r m a l i t i e~~~~~~J~J~ Our present experiment was performed to investigate the pathogenicity of AIV against chick embryos in combination with virus isolation and immunohistochemical detection of the viral antigen. A high incidence of hydranencephaly, arthrogryposis, and cerebellar hypoplasia was produced at 7 to 13 days post-inoculation (PI) and AIV antigen detectable in the organs peaked at 7 days PI and gradually declined at 10 and 13 days PI.
Aino virus inoculated in the yolk sac of 8-day-old embryos was disseminated systematically via blood vessels, resulting in detectable AIV antigen at 4 days PI in nerve cells and degenerative myotubules, associated with early encephalitis and myositis, respectively.
At 7 days PI, the nerve cells containing AIV antigen showed the maximal increase coincident with the peak of liquefactive necrosis and hydranencephaly in 74% of the embryos. The cytopathic virus invades undifferentiated nerve tissues and by proliferating there destroys them. Deprivation of developing nerve cells might have caused marked attenuation and cavitation of cerebral parenchyma. Compensatory expansion of the lateral ventricles secondary to loss of brain substance and rapid expansion of the embryonic calvarium might have contributed to development of hy-dranen~epha1y.l~ A positive increase in the volume of cerebrospinal fluid could be inferred by the hyperplastic choroid plexus in Akabane virus (AKV)-inoculated fetal and in the present study by chick embryos having cellular infiltration and epithelial hyperplasia in the choroid plexus at 7 days PI. Thus, the cerebral hemisphere was cavitated and cerebrospinal fluid accumulated in the expanded ventricles, as was noted in chick embryos inoculated with AKV.I9 Cerebellar hypoplasia observed at 7 to 13 days PI at a high rate (47.4-75.0%) is a distinctive difference of AIV-infected chick embryos in contrast to AKVinfected ones. The AIV antigen in this hypoplastic organ peaked at 7 days PI, accompanied by the most severe liquefactive necrosis. Marked aberration of cortical structure at 10 and 13 days PI might be caused by damage and loss of differentiating cerebellar cortical cells including the migratory phase to form mature cortex.
In association with AIV antigen, adventitial cells of the vessels in the central nervous system (CNS) with necrotizing encephalitis proliferated at 7 days PI to form granulomatous lesions at 10 and 13 days PI. This is comparable to "endothelial cell hyperplasia" noted in AKV-inoculated chick both prevailing during the middle stage of viral infection. This formation of lesions might be an embryonic response in necrotizing encephalitis.
In the skeletal muscle at 4 days PI, a moderate amount of AIV antigen was detected in myotubules, many of which were associated with hyaline degeneration, clumping of myotubules, and granulomatous infiltrates of the muscle. These severe histologic changes continued at 7 days PI. The peak of detectable AIV antigen was at 7 days PI, coincident with the highest incidence of arthrogryposis and underdeveloped embryos as well as with early appearance of adipose replacement and slender dysplastic myofibers. Although the possibility of denerved muscular atrophy due to damage of neurons in the spinal ventral horn followed by cell disappearance at 7 to 13 days PI was not excluded, increased virus in the skeletal muscle might have directly destroyed myotubules and disturbed development of myofiber, resulting in distorted limbs and underdevelopment of embryos. Dysplastic slender myofibers were most remarkable at 13 days PI when the virus antigen declined and neurons in the ventral horn decreased, suggesting the etiologic importance of the latter.
Aino virus showed a wider range of affinity to tissues in the CNS in the chick embryo, such as the caudal portion of the cerebral hemisphere, optic lobe, midbrain, cerebral peduncle, cerebellar hemisphere, spinal cord, and skeletal muscle than does AKV,l',L9,25 which has an affinity only to cerebral hemisphere and skeletal muscle. Pathogenicity of AIV in the present article appeared to be slightly more severe than that of AKV reported by Konno et a1.I9 A difference in the day of embryonic age at which embryos were inoculated may be a cause: AKV11J9,24,25 was inoculated on the 6th day Vet Pathol 33. 6, 1996 Enteek: Pathogenetic studies of infection of the bovine 18 Konno S: Pathological aspects of abnormal birth pre-in contrast to our inoculation with AIV on the 8th day. In our preliminary study, AIV inoculated o n the 8th day of incubation yielded an obviously higher incidence of hydranencephaly, cerebellar hypoplasia, and arthrogryposis than inoculation on the 6th day. The lesions produced in chick embryo by these two viruses were very similar to those in the respective congenital abnormalities in calves.
Congenital cerebellar hypoplasia or agenesis in calves can be produced by Chuzan virus (CHV)9 and bovine viral diarrhea and mucosal disease virus (BVD-MD),' although these viruses are not pathogenic to skeletal muscle. When infected at an early embryonic stage, CHV caused encephalitis in cerebral and cerebellar hemisphere, and BVD-MD caused necrosis and aberration in the cerebellar cortical structure. Prenatal fetal infection with feline parvo~irus'~ can cause cerebellar hypoplasia by injuring proliferating cells in the cerebellar cortex. Subcutaneously administered cycasin,33 a hepatotoxin and carcinogen, can produce cerebellar hypoplasia in neonatal rodents. Activated by 0-glucuronidase in the skin, the toxin attacks cells in differentiating cerebellar cortex as an alkylating agent. Coxsackievirus A24 caused arthrogryposis spontaneously in human beings and experimentally in chick embryos, primarily by polymyositis and secondarily by damage of the spinal cord ventral horn. The pathogenesis of the lesions in the AIV-infected chick embryos in the present study may have much in common with the above abnormalities.
In this paper we demonstrated that the peak of detectable AIV antigen in the target organs preceded the peak incidence of gross abnormalities in the chick embryo. This was substantiated by our recent studyI6 of serial virus titration in the target organs. In that study, the highest concentration of AIV was attained at 4 days PI, just prior to the development of hydranencephaly and arthrogryposis at 7 days PI.
Proving the teratogenicity of AIV in calves via placental infection is more desirable, but our experimental system using chick embryos can be a good and less expensive tool for studying AIV and its pathogenicity. Further studies should be conducted, including electron microscopic observation of AIV proliferating in chick embryos.
